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Abstract 
This study examined whether the alkaline phosphatase of human gingival fibroblast is enhanced by recombinant human BMP-
4. Gingival fibroblast was obtained from the excised gingival tissue of an implant patient undergoing gingival surgery. The 
tissue was incubated at 37  in 5% CO2 and 95% humidity, and the cultivating media was changed every 2 days. The 2nd 
passage gingival fibroblasts were cultured in a medium containing Dulbecco's modified Eagle medium supplemented with 10% 
fetal bovine serum and 1 X antibiotic antimycotic solution. The control gingival fibroblast was cultured without rhBMP-4. The 
experimental group 1 were cultured with low-dose rhBMP-4. The experimental group 2 were cultured with high-dose rhBMP-4. 
This study evaluated the effect of rhBMP-4 on alkaline phosphatase expression of gingival fibroblast using alkaline 
phosphatase assay. In the experimental group 2 with low dose rhBMP-4, the gingival fibroblast showed abundant positive 
alkaline phosphatase staining. In the control group, the gingival fibroblast showed weak positive alkaline phosphatase staining. 
Overall, these results suggest that the alkaline phosphatase expression of human gingival fibroblast can enhanced by low dose 
rhBMP-4. 
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1. Introduction 
The tissue engineering consists of cells, scaffold, signaling molecule and time. Tissue engineering is a new 
approach for the regeneration of tissues and organs that have lost their function due to variety of reasons. One of 
the fundamental principles of tissue engineering strategies is that engineering cells must acquire differentiation 
capacity. Gingival connective tissue can be easily obtained in oral cavity. Gingival fibroblasts are the most 
abundant cell type in periodontal connective tissues. Berahim [1] reported a pilot study of in-vitro gingival 
fibroblast differentiation, and they concluded that the cells appeared to differentiate along a chondrogenic rather 
than fibrous connective tissue lineage. In recent studies, the differentiation of oral gingival fibroblasts into 
chondroblast-like cells has been reported [2]. BMPs are part of the TGF-  superfamily, and the BMPs may be 
divided into subfamilies. The subfamily name of BMP-4 is BMP-2B. The function of BMP-4 is osteoinduction, 
chondrogenesis, and osteogenesis [3]. Ivanovski [4] reported that in vitro, the gingival and periodontal ligament 
fibroblasts expressed mRNA for alkaline phosphatase, BMP-2, BMP-4 and osteopontin. In this study, we evaluated 
that the alkaline phosphatase of gingival fibroblast is enhanced by recombinant human rhBMP-4. 
2. Materials and Methods 
Human ginigival fibroblast were acquired from the excised ginvival tissue of a gingival surgery patient, who signed an 
informed consent form. The tissue was seeded in a culture dish including Dulbecco's modified Eagle medium 
(DMEM, Welgene Inc., South Korea) supplemented with 10% fetal bovine serum (FBS) (Welgene Inc., South Korea) 
and 1 X antibiotic antimycotic solution (Welgene Inc., South Korea). The culture were maintained at 37  in a 
humidified atmosphere at 95% containing 5% CO2. The media was changed every 2 days. The second passage human 
gingival fibroblast cells were used. 6 104 cell/well were seeded on a 24-well plate in a cultivating medium (DMEM 
containing 10 % fetal bovine serum (FBS) and 1 X antibiotic antimycotic solution). The control group was cultured for 7 
days without rhBMP-4. The experimental group 1 was cultured with induction for 7 days with low-dose (10 ng/ ) 
recombinant human BMP-4 (Peprotech. Seoul, South Korea). The experimental group 2 was cultured with induction for 
7 days with high dose (200 ng/ ) recombinant human BMP-4 (Peprotech. Seoul, South Korea). The alkaline 
phosphatase activity was measured using a TRACP & ALP double-stain kit (TAKARA BIO INC. JAPAN), followed by 
culturing for 7 days. For ALP staining, the substrate solution was added to a 24-well onto which the cells had been fixed. 
The amount of substrate solution was 250 /well. The plate was incubated at 37  for 45 minutes for the reaction. 
Subsequently, the plate was washed three times with sterilized distilled water. The samples were examined by phase 
contrast microscopy. 
3. Results 
The hGF displayed a spindle and/or flat morphology. The morphological change was clearer in the experimental 
groups. After cultivating for 7 days, the cells in the experimental group 1, exhibited a long spindle form and were 
confluent. ALP positive cells were more abundant and clearer in the experimental group 1 than in the control group and 
experimental group 2 (Fig. 2). In the control group, the ALP positive cells were weakly expressed. The gingival 
fibroblast showed negative alkaline phosphatase staining in the experimental group with high dose rhBMP-4. 
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Fig. 1. Inverted microscopic morphology of the gingival fibroblast after alkaline phosphatase staining. (a) Control group without rhBMP-4, (b) 
Experimant group 1 (low-dose rhBMP-4 group), (c) Experimant group 2 (high-dose rhBMP-4 group). 
4. Discussion 
The discovery of progenitor cells in gingival connective tissue can help improve our understanding of how the 
wounded gum is capable of almost perfect healing, and opens the prospect of cellular therapy for wound healing using 
cells readily available with limited risk to the patient [5]. Berahim [1] reported that cell line gingival fibroblsts appeared 
to differentiate along a chondrogenic rather than fibrous connective tissue lineage. Hankemeler [6] analyzed the effect of 
low-dose (3 ng/ ) fibroblast growth factor 2 (FGF-2) and high-dose (30 ng/ ) FGF-2 on proliferation, differentiation 
of human BMSC. They reported that lose-dose FGF-2 may be useful for tissue engineering of ligaments and tendons by 
increasing BMSC proliferation. In the present study, ALP positive cells were shown in experimental group 1 (lose-dose 
rhBMP-4 group). This means that hGF can be differentiated into chondroblast or osteoblast cells by rhBMP-4, 
suggesting that they can be used for periodontal tissue (ligament, bone etc.) engineering. de Vries [7] reported that 
gingival fibroblasts are better at inhibiting osteoclast formation than periodontal ligament fibroblasts. The hGF can be 
obtained easily during routine dental procedures, and may represent a good source of adult stem cells for use in 
regenerative medicine. In present study found that the rhBMP-4 plays a critical role in expression of ALP of hGF. The 
ALP positive cells differentiated from hGF in the present study will be a good source that can be applied to periodontal 
tissue engineering for hard tissue regeneration. 
5. Conclusion 
In this study, the gingival fibroblast showed abundant positive alkaline phosphatase staining in the experimental 
group with low dose rhBMP-4. ALP positive cells were more abundant and clearer in the experimental group with low 
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dose rhBMP-4 than in the control group without rhBMP-4. The gingival fibroblast showed negative alkaline phosphatase 
staining in the experimental group with high dose rhBMP-4. This suggests that humang gingival fibroblast can be used 
for periodontal tissue engineering after induction with low-dose rhBMP-4. 
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